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BACKGROUND. In the United States, detection of squamous carcinoma in situ (CIS)

by screening has led to reduced rates for invasive squamous carcinoma and lower

mortality. Adenocarcinoma in situ (AIS) rates also have increased, but invasive

cervical adenocarcinoma rates have not declined similarly. To make inferences

about the effectiveness of screening, the authors assessed mortality trends for

squamous and adenocarcinoma in relation to incidence of these tumors, incidence

of their precursors and survival.

METHODS. Using data from the Surveillance, Epidemiology, and End Results pro-

gram (SEER), the authors tabulated incidence per 105 woman-years for invasive

carcinomas (1976 –2000) and for CIS and AIS (1976 –1995) by age (� 50 years, � 50

years) and race (whites, blacks). Cumulative relative survival rates were tabulated

for 1976 –1995 and mortality rates were estimated for 1986 –2000.

RESULTS. Among all groups, CIS rates approximately doubled whereas rates for

invasive squamous carcinoma declined. Among younger whites, mortality declined

from 1.12 to 0.93, and for older whites, mortality decreased from 5.02 to 3.82.

Among younger blacks, mortality for squamous carcinoma decreased from 2.69 to

1.96. Among older blacks, the mortality rates declined from 14.88 to 9.15. Although

AIS rates have increased dramatically among whites (all ages) and younger blacks,

adenocarcinoma incidence and mortality rates have not changed greatly. Survival

for patients did not change greatly within these age-race groups.

CONCLUSIONS. The authors concluded that increases in CIS seemed disproportion-

ately large compared with improvements in mortality rates for squamous carci-

noma. Despite increased reporting of AIS, declines in mortality for cervical ade-

nocarcinoma have not been demonstrated conclusively. However, future analyses

are required to evaluate these trends more completely. Cancer 2005;103:1258 – 64.
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The central purpose of cancer screening is to reduce mortality attrib-
utable to a targeted tumor within a population. Cervical squamous

carcinoma presents an ideal screening opportunity because these tu-
mors generally develop slowly through a multistage process.1 Cytologic
screening has proven remarkably effective in identifying women with
squamous carcinoma in situ (CIS) and earlier precursors, which can be
treated effectively before invasive squamous carcinomas develop.2

In contrast, the effectiveness of cytologic screening in reducing
mortality from cervical adenocarcinoma remains unproven. The pre-
vention of invasive cervical adenocarcinoma presents specific chal-
lenges: 1) the morphology of the earliest precursors (i.e., antecedents
of adenocarcinoma in situ [AIS]) has not been defined; 2) AIS typically
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involves areas of the cervix that are difficult to sample
(i.e., the endocervical canal); 3) invasive adenocarci-
noma develops from small foci of AIS; and 4) histori-
cally, the diverse and sometimes subtle cytologic and
colposcopic features of AIS have not been widely ap-
preciated.3– 6

Development of improved cervical sampling devices
and methods of slide preparation, implementation of
standards for assessing specimen adequacy, and dissem-
ination of refined cytologic criteria undoubtedly have
increased the sensitivity of cytologic testing and contrib-
uted to increasing rates of both CIS and AIS.7–10 Predict-
ably, increased rates of CIS have presaged later declines
in rates of invasive squamous carcinoma. However, in-
creasing rates of AIS have been associated with paradox-
ically stable or increasing rates of invasive adenocarci-
noma, as previously reported in detail.11–15 In addition, 2
findings are particularly concerning: 1) adenocarcino-
mas comprise a disproportionate percentage of tumors
that occur among recently screened women (within 5
years),16 and 2) a negative cytology report affords less
protectionagainstadenocarcinomathansquamouscarci-
noma.17 These findings suggest that some AIS lesions
may progress rapidly to invasion or fail to be detected by
cytologic screening.

In contrast to incidence trends, mortality trends
for cervical carcinoma stratified by histologic type
have received relatively little attention. Although the
numeric predominance of squamous carcinoma sug-
gests that mortality rates for this histologic type would
probably resemble those of cervical carcinoma as a
whole, evaluation of mortality rates for adenocarci-
noma, a relatively infrequent type, clearly requires a
type-specific analysis. Analysis of mortality trends for
invasive adenocarcinoma is important for assessing
the performance of cytologic screening.

The rate of progression of AIS to invasive adeno-
carcinoma is unknown. However, it is reasonable to
assume that some AIS lesions are incipiently invasive
when detected, whereas others may have little ten-
dency to progress for prolonged periods. Increased
detection of incipiently invasive cases of AIS would
probably reduce both the incidence and mortality
rates for invasive adenocarcinoma within a few years.
In contrast, detection of prevalent, more stable cases
of AIS might have little, if any, immediate impact.
Although rates of disease progression for individual
cases of AIS are unpredictable, assessing mortality
trends for invasive adenocarcinoma in the context of
preceding incidence trends for AIS provides an informa-
tive context in which to assess cancer prevention efforts.

To make inferences about the effectiveness of cer-
vical screening, we analyzed trends for cervical squa-
mous and adenocarcinomas using data from the Surveil-

lance, Epidemiology, and End Results program (SEER), a
population-based group of registries administered by
the National Cancer Institute (NCI).18 Although inci-
dence data for these cancers and their precursors have
been reported, we have included these data to facilitate
examination of national mortality trends in light of
screening effects (reflected in rates of CIS and AIS), can-
cer prevention (reflected in rates of invasive carcinoma),
and treatment effects (reflected in survival).

MATERIALS AND METHODS
Ascertainment of Cases
The current analysis included cases of cervical carci-
noma reported to 9 SEER registries (Connecticut, met-
ropolitan Atlanta, metropolitan Detroit, Iowa, New
Mexico, Seattle Puget Sound, Utah, San Francisco-
Oakland, and Hawaii), which record data for approx-
imately 10% of the U.S. population.18 Invasive inci-
dence data were tabulated for the period 1976 –2000
and in situ incidence (including cervical intraepithe-
lial neoplasia 3 [CIN]3) data for 1976 –1995 (SEER dis-
continued reporting for CIS and AIS in 1996). Survival
data were tabulated for the period 1976 –1995. Mortal-
ity data from the National Center for Health Statistics
were analyzed for the years 1986 –2000. Cases were
categorized according to the International Classifica-
tion of Diseases for Oncology as squamous carcinoma
(8050 – 8130) or adenocarcinoma (8140 – 8490)19 and
then stratified by stage (in situ vs. invasive), as re-
ported previously.11 Other histologic types (including
adenosquamous carcinoma) were not analyzed.

Analysis
The analysis focused on relating mortality trends to
preceding incidence trends for invasive squamous and
adenocarcinomas and their precursors (CIS and AIS).
Using SEER*STAT software20 (NCI, Bethesda, MD), we
tabulated the incidence of in situ and invasive carci-
nomas per 100,000 woman-years by race (black or
white) and age (� 50 years or � 50 years) for 5-year
intervals: 1976 –1980, 1981–1985, 1986 –1990, and 1991–
1995, and for 1996 –2000 (invasive carcinomas only) in
a manner similar to that recently reported.11 Survival
analyses for 1976 –1995 were performed to assess
whether improved survival for patients with cancer
contributed substantially to changes in mortality. Spe-
cifically, cumulative relative survival, a measure of
survival in the absence of competing causes, was es-
timated for 5 years of follow-up by comparing the
survival of women with invasive cervical carcinoma
with that of women without cancer, matched on time
period, race, and age. Data for whites were stratified
by age. Similar stratification for blacks was precluded
by the smaller number of cases.
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U.S. mortality data for cervical carcinoma stratified
by histopathologic type are not available. To estimate
U.S. mortality rates separately for squamous and adeno-
carcinoma, we used a modification of the method de-
scribed by Chu et al.21 Briefly, we tabulated SEER inci-
dence data for squamous and adenocarcinoma for three
15-year periods (1976–1990, 1981–1995, and 1986–2000),
restricted to cases who died during three corresponding
5-year periods (1986–1990, 1991–1995, and 1996–2000).
Each 15-year incidence period included the correspond-
ing 5-year mortality period plus 10 previous years. The
mortality rate for each 5-year period was estimated by
multiplying the total cervical carcinoma mortality rate
for the interval by the estimated percentages of the tu-
mors that were classified as squamous or adenocarci-
noma during the related 15-year incidence period. For
example, to estimate mortality related to squamous car-
cinoma among white women � 50 years during 1991–
1995, we used the SEER database to determine that there
were 439 cases of incident cervical carcinomas diag-
nosed between 1981 and 1995 that were associated with
cervical carcinoma deaths during 1991 to 1995. Of the
439 fatal cervical carcinomas, 306 (69.7%) had been di-
agnosed as squamous carcinomas. During 1991–1995,
the total national mortality among whites � 50 years was
1.49 per 105 women-years. The product 1.49 � 0.697
� 1.039 is the estimated mortality among whites � 50
years during 1991–1995 that was attributable to squa-
mous carcinoma.

Mortality rates were estimated for strata defined
by race and age at diagnosis. All incidence and mor-
tality rates were age-adjusted using the 2000 U.S. stan-
dard population within the broad age groups � 50
years and � 50 years.

To facilitate observations concerning the relation
of incidence trends to subsequent mortality trends for
invasive carcinoma, we plotted the log of incidence for
in situ and invasive carcinomas and mortality attrib-
utable to invasive tumors stratified by race, age, and
calendar period. The calendar periods were plotted on
the abscissa in 5-year increments with data shown at

the mid-point for each period. Survival data were pre-
sented in table format.

RESULTS
Trends in Mortality from Cervical Squamous Carcinoma
(1986–2000) in Relation to Incidence and Survival
Among younger whites, CIS rates increased sharply
during the 1990s after only modest changes in preced-
ing years, whereas rates of invasive squamous carci-
noma declined 20% during 1976 –2000 (Fig. 1). Among
older whites, CIS rates have increased sharply since
1981–1985 and rates of invasive squamous carcinoma
have decreased steadily.

Overall, 65% of deaths from squamous carcinomas
among whites occurred among women � 50 years.
Among younger whites, mortality rates decreased 17.0%
from 1.12 to 0.93 during 1986–2000. Among older whites,
mortality rates decreased 24.0% from 5.02 to 3.82.
Among whites, cumulative survival remained constant at
approximately 80% for women � 50 years of age at
diagnosis and 60% among older women (Table 1).

Among blacks in both age groups, CIS rates
reached a nadir in 1986 –1990, and then increased
markedly in 1991–1995 (Fig. 1). Invasive squamous
carcinoma rates declined steadily, declining 42%
among younger blacks and 58% among older blacks.

Among blacks, 67% of deaths from squamous car-
cinomas occurred among women � 50 years. During
1986 –2000, mortality related to squamous carcinoma
among younger blacks declined 27.1% from 2.69 to
1.96, whereas among older blacks a larger decline of
38.5% from 14.88 to 9.15 occurred during this period
(Fig. 1). Survival among blacks (insufficient for age
stratification) was similar to that of older whites and
remained roughly constant over time (Table 1).

Trends in Mortality from Cervical Adenocarcinoma
(1986–2000) in Relation to Incidence
For both younger and older whites, AIS rates increased
multifold from 1976 to 1995 (Fig. 2) with higher abso-
lute rates for women aged � 50 years. During this
20-year period, invasive adenocarcinoma rates in-

TABLE 1
Five-Year Survival for Cervical Squamous Carcinoma (1976 –95)

Calendar period
Whites age < 50 yrs
% � 1.96 SE

Whites age > 50 yrs
% � 1.96 SE

Blacks (all ages)
% � 1.96 SE

1976–80 80.4 � 2.1 60.8 � 2.5 64.1 � 3.8
1981–85 79.2 � 2.2 58.6 � 2.9 61.1 � 4.1
1986–90 80.2 � 2.0 60.7 � 3.1 59.2 � 4.4
1991–95 81.0 � 2.0 60.6 � 3.2 60.3 � 4.5

Cumulative relative survival expressed as percentage � 1.96 standard error (SE).

TABLE 2
Five-Year Survival for Cervical Adenocarcinoma (1976 –95)

Calendar period
Whites age < 50 yrs
% � 1.96 SE

Whites age > 50 yrs
% � 1.96 SE

Blacks (all ages)
% � 1.96 SE

1976–80 82.5 � 5.4 53.9 � 7.1 45.7 � 16.5
1981–85 86.4 � 4.4 57.2 � 7.7 54.8 � 14.7
1986–90 85.5 � 3.7 57.8 � 7.0 57.2 � 13.7
1991–95 88.0 � 3.3 59.5 � 6.9 52.8 � 13.4

Cumulative relative survival expressed as percentage � 1.96 standard error (SE).
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creased 50% among younger whites compared with
only 4% among older whites, and rates have continued
to increase through 2000.

Among whites, 71% of deaths from adenocarci-
noma occurred among older women. Among younger
whites, mortality related to cervical adenocarcinoma
fluctuated, increasing from 0.19 (1986 –1990) to 0.26
(1991–1996), and then decreasing to 0.23 (1996 –2000).
Among older whites, mortality related to adenocarci-
noma remained stable and consistently fivefold higher
than among younger women (1986 –2000). Survival
among whites with adenocarcinoma increased slight-
ly—from 82.5% to 88.0% for younger women and from
53.9% to 59.5% for older women (1976 –1995, Table 2).

Among younger blacks, AIS rates more than tri-
pled from1976 to 1995, whereas invasive adenocarci-
noma rates fluctuated, with little overall change (Fig.
2). Before 1981, AIS was reported rarely among older

blacks (not shown graphically). AIS rates seemed to
have declined sharply in this group during 1991–1995
compared with previous years. Rates of invasive ade-
nocarcinoma have fluctuated among older blacks, but
have always been approximately fivefold greater than
among younger blacks.

Among blacks, 80% of adenocarcinoma deaths oc-
curred among older women. Mortality among younger
blacks decreased steadily from 0.25 to 0.16 from 1986
to 2000, but this result was based on 24 total deaths.
Mortality rates among older blacks increased 14.6%
from 2.94 to 3.37 during 1986 –2000. Survival among
blacks (all ages) increased from 45.7% in 1976 –1980 to
52.8% in 1991–1995 (Table 2).

DISCUSSION
Increased detection of CIS among both whites and
blacks has been associated with substantial declines in

FIGURE 1. In situ and invasive incidence (nine Surveillance, Epidemiology, and End Results areas) and U.S. mortality trends by race and age: cervical squamous

carcinoma.
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rates of invasive squamous carcinoma and improved
mortality. Survival among women with squamous car-
cinoma stratified by race and age has remained rela-
tively constant, suggesting that any possible improve-
ment in mortality is attributable to detection and
treatment of cancer precursors, rather than improved
treatment of invasive carcinoma. Consistent with this
interpretation, a recent review found that chemother-
apy treatments used to date have not been highly
effective, although new combined modalities are
promising.22 The increased detection of CIS among
the most frequently screened women (i.e., women
aged � 50 years) combined with the reduction in
mortality among older women in subsequent time
periods is also consistent with a screening effect. The
observed increase in CIS incidence during the 1990s
overlaps with the introduction of screening programs
sponsored by the Centers for Disease Control and

focused efforts to improve the performance of cytolo-
gy.23

The recent reduction in mortality from squamous
carcinoma seems modest, given the sharply increasing
trends in CIS rates and the large increases in detection
of less severe precursors. This observation suggests
that some of the increased detection of CIS represents
earlier detection without evident benefit, at least to
date. Other data are consistent with this interpreta-
tion: 1) the mean age of women with CIS is nearly 20
years younger than that of women with invasive squa-
mous carcinoma24; 2) CIN3 lesions that are not asso-
ciated with invasion are much smaller than those as-
sociated with invasive carcinoma25; and 3) CIN2
lesions and frequently milder precursors are treated
routinely in the United States, even though many of
these lesions probably regress spontaneously.26,27 Fi-
nally, Raffle et al.28 estimated that 1000 women must

FIGURE 2. In situ and invasive incidence (nine Surveillance, Epidemiology, and End Results areas) and U.S. mortality trends by race and age: cervical

adenocarcinoma.
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be screened for 35 years to prevent a single cervical
cancer death and that 80% of high-grade dysplasias
may not progress.

Compared with squamous carcinoma, screening
for adenocarcinoma has been much less effective in
reducing mortality, despite longstanding increases in
AIS incidence rates among whites of all ages and
younger blacks. Among whites, especially those � 50
years, increased detection of AIS has not been associ-
ated with sizable reductions in rates of invasive ade-
nocarcinoma and mortality. The reasons for this ob-
servation are unclear. One possibility is that the
cancer burden has increased in this group secondary
to increased exposure to one or more etiologic fac-
tors.29 If true, increased detection of AIS may have
prevented a sharp increase in mortality. A second
possibility is that the increasing rates of AIS may have
been attributable mainly to diagnosis of prevalent le-
sions with little tendency to progress, whereas another
set of AIS lesions that has been and remains less
detectable by cytology accounts for many fatal cases of
invasive adenocarcinoma. A third possible explana-
tion might be that more effective detection of AIS is
having a delayed benefit on mortality, which will be-
come increasingly evident in future years. In this re-
spect, it will be useful to determine whether possible
declines in mortality related to adenocarcinoma
among younger whites (1996 –2000) and younger
blacks (1986 –2000) will continue. An analysis of recent
data from an Australian screening program found that
a negative cytologic result was associated with im-
proved protection against adenocarcinoma compared
with data from the same population in previous years.
A history of a reportedly negative smear within 1 year
or having had � 1 smear with an endocervical com-
ponent from 1994 to 2001 was associated with an
approximately 3-fold reduction in risk of invasive ad-
enocarcinoma.30

It is difficult to independently assess the effective-
ness of screening for AIS and CIS. CIN (including
CIN3/CIS) is frequently identified concurrently with
AIS.31 When CIN is not identified, it is possible, if not
likely, that it was present earlier in the natural history
of a human papillomavirus (HPV) infection but re-
gressed before diagnosis. Data suggest that cytologic
screening may be insensitive in detecting CIN lesions
related to HPV-1832 and that HPV-18 accounts for
approximately 50% of adenocarcinomas compared
with only 15% of squamous carcinomas.2 If the endo-
cervical canal represents a sanctuary site for persistent
occult HPV-18 infections, failure to detect early man-
ifestations of HPV-18 infection in squamous epithe-
lium (e.g., koilocytoic atypia/CIN) could explain the
strong association of this type with adenocarcinomas.

Historically, and even currently, cytologic detection of
CIN often leads to detection of cytologically unrecog-
nized AIS. Studies to assess whether cytologic screen-
ing is less effective in preventing invasive adenocarci-
nomas related to HPV-18 compared with other types
would be important, especially given the growing role
of HPV testing as an adjunct to cytology in primary
screening.

The interpretation of incidence and mortality
trends for adenocarcinoma among blacks may differ
from that among whites, but it is also limited by
smaller numbers of cases. Additional data are needed
to clarify these issues.

Although the absence of convincing declines in
mortality related to cervical adenocarcinoma is trou-
bling, cervical squamous carcinoma remains a much
greater cause of cancer mortality. The considerably
higher mortality associated with both histologic types
of cervical carcinoma among older women is particu-
larly relevant to discussions about setting an upper
limit for routine cytologic screening. A recent study
found that older age was related to reduced survival
until age 75 years, and that among elderly women,
general health and stage had a greater impact on
survival than treatment efficacy.33 These data under-
score the probable importance of prevention strate-
gies in older populations and the value of detecting
and treating precursors of carcinoma among younger
women. The role of HPV testing in determining the
need for future screening among older women re-
quires further study in light of evidence that a negative
HPV test provides much longer protection against cer-
vical neoplasia than cytology.34 Primary prevention of
adenocarcinoma through vaccination against HPV
may prove particularly effective, given that the attrib-
utable fraction for HPV-16 and HPV-18 is higher rela-
tive to that for squamous carcinoma, which shows a
greater diversity of HPV types.

Interpretation of the data presented in the current
study is limited by changes in diagnostic practices and
terminology and the lack of central pathology review.
Findings for blacks are limited by small numbers. In
addition, the length of follow-up may have been in-
adequate to demonstrate clearly the relations between
increasing detection of precursors and anticipated de-
clines in rates of invasive carcinomas and mortality.
Future analyses with lengthier follow-up and consid-
eration of ethnic diversity would be important. Our
method for estimating mortality admittedly was lim-
ited by the follow-up data available through SEER.
Finally, we can assume that nearly all cases of CIS and
AIS were detected as a result of screening, but we do
not know the screening history of the women in our
dataset who were diagnosed with invasive carcinoma.
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Despite these limitations, the failure of these data to
demonstrate a substantial decline in mortality rates
for cervical adenocarcinoma is of considerable impor-
tance. Future epidemiologic studies of cervical glan-
dular lesions that include molecular testing for HPV
and other factors might be useful in developing more
effective cancer prevention strategies. Given the rela-
tive rarity of cervical adenocarcinoma, this will prob-
ably require a large study population.
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